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Abstract 

Unparticles proposed by Georgi carry CP conserving phases in their propagators. We demon- 
strate that these pecuhar phases have an important impact on CP violation. Without including 
the strong QCD phases, we study the unparticle phase effects on the direct CP asymmetries in 
the exclusive decays of 7r"*"7r~ and B ttK, in which the flavor changing neutral currents 

are forbidden at tree level but induced by one-loop diagrams. Interesting and consistent results 
comparing to the data are obtained. In addition, we find that unparticles will significantly en- 
hance the differential branching ratio of 6 ^ si'^i" at the small invariant mass of The 
forward-backward asymmetries for b — > si'^£~ due to unparticles are also explored. 
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I. INTRODUCTION 



In Refs. Georgi has suggested that a scale invariant sector with a non-trivial IR 

fixed point decoupled at a large scale is associated with unparticles, which could couple to 
the standard model (SM) particles at the TeV scale. Consequently, the unparticle physics 



phenomeno. 
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ogy have 
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been extensi vely explored in Refs. Q, 3, ^, 4, ^, [g], Q, [s], [q]. 
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2l| . Moreover, Georgi in Ref. 
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21 has pointed out that 



the unparticle propagators in the time-like region are associated with some peculiar CP 
conserving phases depending on the non- integral number of the scale dimension du. He has 
shown that these phases can induce some unusual CP conserving interference effects between 
the time-like unparticle exchange amplitudes and the SM amplitudes in e+e~ — > The 
effect of the virtual unparticle propagation has also been noticed in Ref. . 

Recently, in Ref. 5| we have demonstrated that the peculiar CP conserving phases in 
the unparticle propagators can also play very important roles on CP violation. We have 
explicitly examined the phase effects on the direct CP asymmetries (CPAs) in Bd ir^ir^ 
and Bd decays based on operators with fermion flavor changing neutral currents 

(FCNCs) at tree level. We have found that the direct CPAs in both decays could be large. 
In this paper, we will examine the unparticle phase effects on CP violation with only flavor 
conserving operators at tree level. Speciflcally, we only consider those effects in which 
FCNCs are forbidden at tree level like the SM but they can be generated by one-loop 
diagrams including the penguin unparticle ones. 

It is well known that in a decay process the direct CPA (Acp) depends on two types 
of phases, called weak (6) and strong (0) phases which are CP violating and conserving, 
respectively. In particular, one has that 

Acp oc sin (5 sine/). (1) 

Clearly, to have a sizable value of Acp, both phases have to be nonzero and large. In the SM, 
the weak CP violating phase is the unique phase in the 3x3 Cabibbo-Kobayashi-Maskawa 
(CKM) quark mixing matrix 22], which has been flxed by experiments 23|, |2J]. The CP 
conserving strong phase is process dependent, which is normally hard to be determined 
due to hadronic uncertainties. Since the unparticle phases appear in the propagators and 
conserve CP, it is interesting to speculate that these phases could act as the strong phases in 
some physical processes jsl. To explore this possibility, we will concentrate on B decays as 



there are many experimental CP violating phenomena (2J] from the current B factories as 
well as future super-B facilities. In particular, we will investigate direct CPAs in the decays 
of i? — i> TTTT and B txK. It is clear that our study can be extended to other processes such 
as K and D decays. 

The paper is organized as followed. In Sec. II, we present FCNCs which are induced by 
the unparticle penguin diagrams. We show the unparticle effects on charmless nonleptonic 
and semileptonic B decays in Sec. III. We give our numerical analysis in Sec. IV and 
conclude our results in Sec. V. 

II. FLAVOR CHANGING NEUTRAL CURRENTS INDUCED BY UNPARTICLE 
PENGUIN DIAGRAMS 

To study the low energy effects of unparticle physics, for simplicity, we assume that 
unparticles only couple to the flavor conserving fermion currents, described by 

-T^Jl, [C'lPl + C'nP,) /OS (2) 

where Pl{r) = (1 -F 75)/2 and O^^ is the vector unparticle operator. Clearly, at tree level, 
the fermion flavor is conserved. Similar to the SM, FCNCs such as / f'U can be 
induced by the charged weak currents at one-loop level. Due to the CKM mixing matrix 
element Vtb ~ 1 and the heavy top-quark enhancement, we will concentrate on B decays to 
illustrate some important physics phenomena involving unparticles. Our discussions can be 
straightforwardly generalized to K and D decays. The leading effective interaction for the 




FIG. 1: Feynman diagram for b — > qU. 
flavor changing transition of 6 ^ g is induced by the unparticle penguin diagram shown in 
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Fig. [H which leads to 



where 



l^u = J^V,,V*Ctq^,P,b , (3) 



/fe) - "''^^^+J"'' (-l + x.-ln..). (4) 

with Xt = m^/m^. Here, we have adopted the Feynman-'t Hooft gauge and the contributions 
from the charged Goldstone boson have been included. For simplicity, in the following 
analysis, we will set ~ C^. 

To obtain the unparticle-mediated effects, we need to know the unparticle propagator, 
which is given by jl|,l2| 

" d'xe'P-^0\T mxWm |0) = zAuip') e-'f'- (5) 



where 



2 sin(dt^7r) (^2 _^ 
{du -2)7r, (6) 



with 



^ IGttV^ r(d^ + 1/2) 

(27r)2'^" r(d^ - i)r(2d^) • ^ ^ 

Note that in Eq. ([5]) the phase factor arises from (— _ ^-nT{du-2) ^^^^^ ^j-^g vector 
operator is assumed to satisfy the transverse condition dfj^O^ = 0. In terms of the effective 
interaction in Eq. (JSj) and the unparticle propagator in Eq. ([5]), the effective Hamiltonian 
for b ^ qf f can be written as 

Hu = -^Vt>,V:^Au{p')e~'^- qi.PLb fi" [CIPl + C'^Pn) f , (8) 

where Gp = 8\/2(7^/m^ is the Fermi constant and 

A^(p^) = 8Cf-%-^(|^) . (9) 
2smrft^7r \^tiJ 

We note that / can be neutrinos or charged leptons or quarks. We remark that replacing b 

by s in the effective Hamiltonian of Eq. ([8]), we may study s qff decays. 



III. CHARMLESS NONLEPTONIC AND SEMILEPTONIC B DECAYS 



For the nonleptonic decays o 
effective Hamiltonian in the SM 



b — > qq"q", we start with the exphcit expression of the 



25| 



G 



off 



V2 ^ 



q—u,c 
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1=3 



(10) 



where = Vg'bV*,^ denotes the product of the CKM matrix elements and the operators 



Oi-Oio are defined by 



Oi^ = {qaq',3)v-A{q'i3ba)v- 



O 



(9) 



i(laqa)v-A{q'f3bf3)v- 



O3 = {qJ)a)v-A ^{q"pq'p)v-A , O4 = {qJ)p)v-A ^{q" pql)v-A 

q" q" 

O5 = {qMv~A ^{q"pq"p)v+A , Oq = {qJ)p)v^A ^{q"pq'L 



V+A , 



Oy = ^{qaba)v^A^eg„{q" pq'^)v+A , Os = -{qabp)v-A^eg,,{q" i3q'^)v+A , 

q" q" 

3 3 

O9 = -{qaba)v-A^eg„{q" f^qp)v-A , 0^ = -{qJ)p)v-A^eq„{q" pql)v-A 



with a and (3 being the color indices, Ci-Cio the Wilson coefficients (WCs), e^" the electric 
charge of q" and {q"q)v±A = g"7^(l ± lb)q" ■ In Eq. ( fTOl) . O1-O2 are from the tree level 
of weak interactions, O^-Oq are the so-called gluon penguin operators and O7-O10 are the 
electroweak penguin operators. Using the unitarity condition, the CKM matrix elements for 
the penguin operators O3-O10 can also be related by 



a + = -it- 



(12) 



Comparing to Eq. ([8]), we clearly see that the structures of four- Fermi interactions with 
unparticle contributions are the same as those of O3 and O5. Consequently, we can easily 
get the unparticle contributions by replacing C3 and C5 in the SM with 



(13) 



Accordingly, the associated effective WCs could be classified and re-expressed to be more 
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useful forms by 



c ' c 

qU 



„f .Cf.|4e,(c,.|), 4e,(c,.|) ,14, 

where TVc = 3 is the number of color. 



A. i? — > vrvr decays 

In this section, we are going to study the decays of 5 — > tttt dictated by 6 ^ dqq. Using 
the effective operators displayed in Eqs. (ITT!) and (IMI) . it is easy to see that the decays are tree 
dominated. However, it is clear that the unparticle effects on tt^tt^ could be neglected 

if C*i(j:{) ~ ^L{R) effects are always related to — (a^ — af^) + (a^ — af^), where the 

minus sign inside brackets is from the pion flavor wave function, \tt^) = {uu — dd)/\/2, and 
the other one outside the brackets is due to the pseudoscalar decay constant, defined by 
(P(p)|/'7^(1 ±75)/|0) = ±ifpp^. On the other hand, as no significant CPA for B~ -7r~7r° 
is found based on the current experimental world average, it should be a good scenario 
to take C'^(^) ~ ^l(r)- Unfortunately, since the unparticle contributions arise at one-loop 
level, we don't expect that we can solve the problem of the large branching ratio (BR) on 
Ed tt'^tt^, in which the tree contribution plays a dominant role. Hence, we will concentrate 
on the CPA of tt+tt^. 

It is known that the penguin effects on Ed n^n^ are significant even though the 
decay is tree dominated. In order to generate strong phases for the CPA, in the SM the 
annihilation topology from Oq ex [V — A) {V + A) plays a very important role. With the 
Fierz transformation, since the corresponding QCD effects involve the timelike form factor 
denoted by (7r7r|g'(l + 75)q|0), the theoretical calculations are very uncertain. For instance. 



with the QCD factorization 



261, to cure divergences one needs to introduce free parameters 

n 



to parametrize the corresponding form factors. With the perturbative QCD approach |27|, 
although singularities could be removed by transverse degrees of freedom, the dominant 



dynamical scale is close to the nonperturbative scale which is around 1 GeV 28|]. Using 



the soft-coUinear effective theory, it is found that at the lowest order in a^, the annihilation 
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contributions are real 29| . In addition, these timelike form factors are all power suppressed 
in mp/mB with nip being the mass of the light pseudoscalar 30j. Hence, it still needs to 
make lots of efforts to fix the strong phases induced by the QCD effects. 

As stated before, the CP-conserved phase in the unparticle propagator could provide a 
kind of strong phase needed for the CPA It has been realized that the phase could con- 
tribute to the CPA of Bd tt^tt'^ with tree allowed FCNCs In this study, we take the 
fermion flavor conservation at tree level like the SM. To examine the influence of the unpar- 
ticle phase alone, we will neglect the uncertain strong phases induced by QCD interactions. 
By following the effective Hamiltonian in Eq. ( ITOl) . we present the decay topologies in Fig. [2] 
where (a) [(b)] denotes the tree (loop) effects. Since tx^tx^ is a color-allowed process, 




(a) 




d 'vl 



d 



FIG. 2: Flavor diagrams from (a) tree and (b) penguin for — > vr decay, where the square 
symbol denotes the weak vertex. 



the factorization assumption is good enough to estimate the transition matrix elements. 
Consequently, the decay amplitude for Bd tt+tt" is given by 



Gf 



.UmlFtiml) [-VM (af + 2r^af) + K^Kd^i] , 
where the form factor F^'" is defined by 



{n{p)\u^^b\BipB)) 



m 



{Pb +p)t, 5- 



(15) 



(16) 



with q = Pb — P and r^^ = m^/rriB associated with {7i\d'~f^u\0) = ifT^m^. For the light meson 
production in B decays, we take F^'^{m^) ^ F(f''(0). Hereafter, we will use F^'^ instead of 
Fq'^{^). As a result, the BR and CPA could be obtained by 



B{Bd 



TT TT 



A. 



CP 



IGTrms' ' ' 

BjBd ^ TT+TT-) - BjBd ^ 7r-7r+) 

B{Bd TT+TT-) + B{Bd TT-7r+) 



(17) 



where tb^ is the hfetime of Bd and the pion mass has been neglected. To be more clear 
to see the relationship of the CPA with the unparticle phase (pu, we rewrite the CPA for 
Bd TT+TT^ as 

. ^ -2xtf^sinasin0tY 

-^CP I. • ^.SM ^^a\2^ J2_2^U^ cos a cos <l>u ^ ^ 



where a = (3 + ■y and 



X'^ = -^K + 2rX). (19) 

Note that a^^-g^ can be derived from Eq. (HM by setting C^p,-^ = 0. Obviously, the CPA in 
Bd TT+TT^ depends on not only the weak phase a but also the CP-conserved unparticle 
phase (pu. 



B. B ^ ttK decays 

It is known that the decays of 6 ^ sqq are penguin dominant processes as the tree 
contributions are suppressed by the CKM matrix elements of VubV*^. Since the unparticle 
effects are also induced from penguin loops, one expects that they should be significant. In 
B ttK decays, there are four specific decay modes. Since the BRs for B ttK and 
CPA of Bd 7i~K'^ are observed well in experiments, we have to discuss all modes in 
detail. We begin with our analysis on the decay of B^ 'k~K^ . According to the flavor 
diagram in Fig. [3^, the decay is corresponding to q = d. Hence, taking the same conditions 
as Bd 7r^7r+, the decay amplitude for B^ n^K^ can be expressed by 

-M^-^o = -^V,,V*fKmlFt{ar + 2r^af ) , (20) 

where fx is the kaon decay constant and = m'^/mB with m^^ defined as m^. Similar to 
B^ 7r~/i°, we can easily find the decay amplitude of Bd ■n^K'^ by using q = u instead 
of g = (i, given by 

M'i^K^ = ^hmlFt [-Vt,VZ {af + 2r^af ) + K^K^i] , (21) 
where we have included the tree contributions illustrated in Fig. [St. 



8 




(c) (d) 

FIG. 3: Flavor diagrams for B — > ttK decays dictated by (a) [(b)] penguin and (c)[(d)] tree diagrams. 

Next, we analyze the decay of 5^ ir'^K^. Besides the flavor diagrams appearing in 
the decay of 7i~K^, there are new diagrams shown in Figs. [Sb and [31i. In the 

SM, these contributions correspond to the electroweak penguin and color-suppressed effects, 
respectively. Taking q = u and d in Figs. [3^ and [3)d, respectively, the decay amplitude for 
n^K^ is given by 

V2M%o = {Vt,V* [fKFtiaf + 2r^af ) - /.CFq^'T + Vu,V:j^a2F,^''} (22) 

where ( = af^ — af + af^ — of . We note that the new term /^.^Fq^, corresponding to 
the contribution in Fig. [Sb, has opposite in sign to other terms. The reason comes from the 
flavor wave function of 7r° being {uu — dd) / \pi. Note that Fig. [3]d picks both components 
while Fig. [3^ only takes the dd component. Since the tree contributions are color suppressed, 
the corresponding WC is a2. 

After introducing the decay amplitudes for B~ tt~K^, B^ 7r^K~ and 5^ n^K^, 
the amplitude of B^ tt^K~ could be immediately obtained as 

V2M^^0K- = ^ml [V,,V,: {-fKFtiaf + 2r^<") - 

+VutV:,{fKaiFt + AasFo^^)] . (23) 

Clearly, the amplitudes for the flrst three decay modes all appear in the decay of 5+ — >■ 
n'^K'^. That is, once the flrst three decays are determined, the decay of B^ tt^K'^ is 
also flxed. We would point out that although Fig. [3]d contributes to the modes of n^K^ and 

9 



tt'^K'^, similar to the case in B ^ -kit, the unparticle effects in this topology will vanish if 
we take C*^(fl) ~ ^l{r)- study, we also neglect their contributions. In sum, the BRs 

and CPAs for the B ttK decays can be found by the definitions in Eq. (1171) . 



Inclusive semileptonic decays of 6 ^ qii 



If unparticles couple to leptons, we can apply the induced interactions for h ^ qU io study 
the semileptonic decays of 6 ^ qll. The corresponding Feynman diagram is presented in 
Fig. m It is easy to see that due to the CKM suppression, the semileptonic decays with 
h ^ d are much less than those ol h ^ s. Hence, in the following discussions, we will 
concentrate on h ^ si^i~. Nevertheless, all discussions and formulas could be applied to 
b — > di~^i~ as well. It is also worth mentioning that because the CKM matrix element Vtd 
carries a CP violating phase, the system of 6 ^ dt^l~ could be even more interesting on 
CP violation in the framework of unparticle physics. 




U 




FIG. 4: h 



decays induced by unparticle penguin diagram. 



Before including new physics interactions into h — > s^^(i , we write the effective Hamil- 
tonian for the SM as 



with 



IT 



(24) 



2my 



C7{n)sia^^q''Pj^b, 



H21J, = CioS7^Pl&, 



(25) 
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where aem is the fine structure constant, At = VthVtl, Cq^ and Cj^io are the Wilson coefficients 



(WCs) with their exphcit expressions given in Ref. [25| for the SM, mb is the current b-quark 
mass and is the invariant mass of the pair. Ahhough long-distance effects of cc bound 
states could contribute to Cf^, to study the behavior of unparticle physics in the semileptonic 
decays, for simplicity they are not included in the present study. On the other hand, the 
bound states could be excluded experimentally by cutting the phase space at the resonant 



regions. Explicitly, one has that 



25| 



Cfifi) = CM + {3C,{fi)+C2{fi))h{x,s) 



h{z, s) 



nib « , 

m Inz 

/i 9 



8 4 

h 

27 9 



-X 
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(2 + x)|l - 



X 



In -in, for X = Az^/s < 1 



2 arctan J— r , for x = 4z^/s > 1 

\/x—l ' ' 



(26) 



where h{z, s) describes the one-loop matrix elements of operators = Sa'^^Pibp Ci3jfj,PLCa 
and O2 = S'-^^Pib C'J^PlC |25| with z = rric/mb and s = /ml. Comparing to Eq. ([8]), we 
find that the operator structures of the unparticle contributions are the same as those of the 
SM. The unparticle effects with the SM contributions can be derived by using and C^, 
defined by 



Up 



'■em 



a. 



(27) 



instead of Cf^ and Cio, respectively. 

With Eq. (j2lj) and the three-body phase space, the inclusive differential decay rate for 
b s£~^£~ (£ = e , /i) can be expressed by 



f = ^^^lytsWbWi-srnis) 



Ris) = {\C^ is)\' + \CUs)n {I + 2s) + 12ReiC;C^ is)) +4(^1 + ^^ \Cr 



(28) 



where the lepton mass has been neglected. Besides the BRs, it has been known that the 
forward-backward asymmetry (FBA), defined by [311] 

J^^d cos 6dT I ds d cos 6 sgn(cos 9) 



dA 



FB 



ds 



J^^ d cos 6dT /dsd cos 9 



(29) 
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could be as a good candidate to probe new physics. By including the unparticle contribu- 
tions, from Eqs. fl28|) and fl29l) we get 



^"^^^ -3^Re 



We note that as a whole the decay of 6 — si~^i~ is not sensitive to the CP-conserved phases 
carried by the unparticle propagators. However, it is important to point out that at the 
low regions the unparticle physics has large effects on these physical quantities as the 
unparticle propagator is proportional to (g^)'^""^. In these region, we expect that both BR 
and FBA in 6 — * si~^i~ have significant deviations from the SM predictions. 

IV. NUMERICAL ANALYSIS 

To estimate the numerical values, we take the common parameters to be: Gf = 1.166 x 
10-5 GeV-2, = 0.13 GeV, fx = 0.16 GeV, m?^ = 2.4 GeV, = 1.7 GeV, Vt 



.46 X 10-=^e-^^ with /3 = 25°, Kfe = 3.6 x lO'^e"^^ with 7 = 72°, and a^^ = 1/129 |24| 



For the nonleptonic B decays, since we concentrate on the CPAs, the CP-averaged BRs are 



regarded as inputs and their world averages are adopted as [32 1 







) = (5.16 ±0.22) X 10-^ 


B{B- - 




) = (23.1 ± 1.0) X 10-^ 


B{Bd- 


n+K- 


) = (19.4 ±0.6) X 10-^ 


B{Bd 




) = (10.0 ±0.6) X 10-^ 


B{B- - 




) = (12.8 ±0.6) X 10"^ 


> si+i- 


decays. 


we use the world average as 


B{b 


si+r 


) = (4.5 ± 1.0) X 10-^ 



(31) 



(32) 

We first calculate the unparticle contributions to the BR and CPA of Bd tt^tt^. As 
mentioned before, to satisfy the indication of the experimental data on B~ — > ir^ir^ , we will 
require that C'i(^) ~ ^l{r) ~ ^l{r)- Besides the scale dimension du and the unparticle scale 
fixed to be 1 TeV, there are three extra unknown parameters from unparticle physics, 
i.e. C^, Cl and C^. Since is always associated with C^j^,^, in our numerical calculations, 
we will use the combined parameters of = Cj^Cl and = Cj^C}^. In addition, we will 

12 



set the available ranges for the variables to be |A^(.^^| < 0.5. In terms of Eqs. (fTSjl and ([T 
the numerical values of the BR and CPA for Bd tt^ti^ versus the scale dimension du are 
presented in Fig. O Because the BR is input, the calculated values are all within la errors. 



Recently, BABAR 



and BELLE 



34| have reported the CPA measurements of 



•Acp{,B(i 



TX TT 



TT TT 



(0.21 ±0.09 ±0.02) (BABAR), 
= (0.55 ± 0.08 ± 0.05) (BELLE) 



(33) 



with the average value being 



Acp{Bd^ Tx^Ti') = 0.38 ±0.18. 



(34) 



According to our results in Fig. [5]d, we see that without any QCD phases, the unparticle- 
mediated FCNC with the peculiar CP-conserved phase induced by the penguin diagram 
could make the CPA of Bd tt+tt^ as large as 20%. Clearly, with more and more data 
accumulated at the B factories, it is worth to explore whether the unparticle phase is the 
dominant source for dictating the CPA of i? — > 7r"^7r~. 

30^ 



5.6 r 

o 

I 

I 5.2 7 

m : 
m 5- 

4.8- 



jlll- 



- T 
: m 

Oh' 

u 

: < 



1.15 1.2 1.25 1.3 1.35 
d. 

(a) 



20 7 
10 7 
O7 
10 7 
■20 7 
■30 L 



u 



1.15 1.2 1.25 1.3 1.35 

(b) 



u 



FIG. 5: (a) BR (in units of 10^^) and (b) CPA (%) for Bd — > 7r~7r^" versus the scale dimension 
du with Ay = 1 TeV and A^j-^^ < 0.5, where the band in (a) denotes the world average with la 
errors. 



With the same set of parameters in i? ^ vrvr, we now study the decays of B ^ tiK. 
According to the formulas of the decay amplitudes introduced in Eqs. (120|) . (12T1) . (!22|) and 
fl23|) . the values of BRs through unparticle-mediated diagrams are presented in Fig. [6l where 
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the band in each figure denotes the world average with la errors. It is interesting to see that 
unparticle physics could make the BRs oi B ^ ttK be consistent with data within la world 
averages. We note that the data of B{Bc[ — n^n^) has been also included to constrain the 
various unknown parameters. 

Although the consistent results in the BRs have been impressive enough, to emphasize 
the importance of the magic phase in unparticle physics, one should pay attention to the 
CPA. According to our previous analysis in Eqs. fl20l) and fl22|) . since the tree contributions 
are negligible (small) for B~ tt^K [B^ — > ti^K^), one can easily understand that the 
corresponding CPA should be also negligible (small). Nevertheless, we have to remark that 
the conclusions are correct only for the cases without including final state interactions (FSIs). 
Note that we have to exclude the discussions on FSIs since we can only control the short- 
distance effects. Here, we adopt that the assumption of color transparency dominates the 
processes in B decays 35|] . We conclude that the interesting CP violating effects m B ^ nK 
decays are the CPAs for B^ 7r^K~ and B^ tx^K^ . 
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FIG. 6: BRs (in units of 10~^) versus the scale dimension du for (a) B~ tt^K^, (b) tt^K^, 
(c) Bel TT^K^ and (d) B~ — > tt^K~ , where the band in the each figure stands for the world average 
with la errors. 



From Eqs. (12T!) and (!23l) . one finds that the penguin contributions are the same in both 
decays, the only difference is that there is an extra color-suppressed contribution in 5" — > 
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n^K~ . If the color-suppressed 02 term in Eq. (l23l) is dropped, one expects that both modes 
should have the same CPAs. Therefore, the sign of 02 will affect the CPA of ir^K' . 

Using the parameters fitted by the BRs of -B — > irK, we present the unparticle contributions 
versus the scale dimension in Fig. [TJ where the circles (squares) dot in each figure denotes 
02 = 0.14(— 0.14). We see that the sign of 02 has a significant influence on Acp{B~ — >■ 
7r^K~). According to the current world average, given by 32 1 



-0.095 ±0.013, 
: 0.047 ±0.026, 



(35) 



it seems that somewhat different physics exists between the two modes. Plausibly, a2 plays 
an important role in the CPA for B~ tc^K~ . Since our focus is on the CPA in unparticle 
physics, further discussions on 02 are given elsewhere. The detailed analysis could refer to 



Ref. 



27|. From our results, we see that with the unparticle phase, Acp{B n^K ) 



could be consistent with the current data. As the results in Eq. (135|) are not conclusive yet, 
more precise data are needed to tell whether there is a deviation between Bd tx^ and 
B~ Tx^K- in the CPAs. 
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FIG. 7: CPAs (%) for (a) Bd tt^K^ and (b) tt^K"^ versus the scale dimension du-, where 

the band in (a) denotes the world average with la errors and the circles (squares) dots in each 
figure represent 02 = 0.14(— 0.14). 



Finally, we study the unparticle effects on inclusive semileptonic decays of 6 ^ sl^l 
with i = e,fi. From Eq. (1271) . one finds that is always associated with (C^ ± C^)/2 
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and (C^ — Cf^)/2. To simplify our numerical analysis, we set 
We will redefine our parameters to be Cj^Cf^ = Cj^Cj^ = Xy and Cj^C^ 



Ci or C|, 



and discuss the constraints on Ay^^^ 



From Eq. fl7r|) . we know that the one- loop matrix 
elements from operators and will generate a CP-conserved QCD phase, which in 
principle could interfere with the unparticle phase. However, the interference effect between 
the CP-conserved phases of the SM and unparticles is small since the one-loop generated 
contributions are much smaller than Cg ~ — Cio ~ 4. 

Although b si^i~ cannot be the candidate to probe the unique unparticle phase, 
we can utilize the decays to give strong constraints on the unparticle couplings to leptons, 
i.e. Xyf^^y In terms of Eq. (1281) and the values for the common parameters, the unparticle 
contributions to the BRs of 6 — > si~^i~ are presented in Fig. [HI where (a) [(b)] denotes the 
contributions of A^j^], the horizontal thin lines are the SM contributions and the thick 
solid, dashed and dash-dotted lines correspond to A^j^j = 0.005, 0.01 and 0.05, respectively. 
The bands in the diagrams are the world average with Icr errors. From the figure, we see 
clearly that with a specific value for Ayj-^-j, the BR of 6 ^ si~^i~ is very sensitive to the 
scale dimension du- To understand the sensitivity, we need to examine the behavior of the 




FIG. 8: BR ( in units of IQ-^) for b sl+r with (a) C£C7^ = C^Ci = X^y and (b) ClCj^ = 
—C^Cf^ = A^ versus the scale dimension du, where the thick solid, dashed and dash-dotted lines 
correspond to A 



ViA) 



0.005, 0.01 and 0.05, respectively, while the horizontal lines are the SM 



contributions and the bands denote the world average with la errors. 



unparticle propagator and the unparticle couplings to fermions. With Eqs. ([2D and ([SJ, we 
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know that the g^-dependence in the BR will behave like 

2 



2 \ du-l 



(36) 



It is clear that for the three-body h si~^i decays, the enhancement of unparticle effects 
is at the small invariant mass of i~^£~ . To be more clear, we display the differential BRs for 
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FIG. 9: (a) [(b)] Differential BR ( in units of 10"^) and (c)[(d)] FBA for h sl-^l' as functions 
of s = /m^, where the thick solid, dashed and dash-dotted lines correspond to (it^(Ayj^j) = 
1.1(0.005), 1.2(0.01) and 1.4(0.05), respectively, while the thin lines are the SM contributions. 



h — > sl^l as functions of s = /ml in Figs. [9^ and[9h>, where the solid, dashed and dash- 
dotted lines stand for du[\y^j^)] = 1.1[0.005], 1.2[0.01] and 1.4[0.05]. The large deviation at 
the small s region could confirm our argument. 

For the FBA in 6 — si~^i~ , from Eq. ( !30l) . the numerical values of the unparticle contri- 
butions as functions of the invariant mass s are shown in Figs. [9b and [9ll. Clearly, the FBA 
at the small s region is also sensitive to the unparticle physics. In addition, one observes 
that the nonvanished Xy associated with Cg could shift the zero point of the FBA to be 
lower. However, the nonvanished associated with cannot change the zero-crossing 
point. The reason could be understood from Eq. fl30|) . where the zero point can only happen 
at + 2C7/S = 0. 
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V. CONCLUSIONS 



We have studied the imphcations of the CP conserving phases in the unparticle 
propagators. We have demonstrated that these pecuhar phases have an important impact 
on CP violation since they could act as the strong phases needed to induce the direct CP 
asymmetry. Without including the QCD phases, we have examined the unparticle phase 
effects on the direct CP asymmetries in the exclusive tt+tt^ and B irK decays, in 

which FCNCs are forbidden at tree level but induced by one-loop unparticle penguin dia- 
grams. We have obtained interesting and consistent results comparing to the experimental 
data. Moreover, we have found that the unparticle effects will significantly enhance the 
differential branching ratio of 6 ^ si~^i~ at the small invariant mass of so that the 
couplings of unparticles to leptons suffer strong constraints. The forward-backward asym- 
metries for the decays of 6 — sl^C.~ due to the unparticle effects have also been investigated. 
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